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(54) ALIPHATIC POLYESTER RESIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an aliphatic polyester resin composition high in melt tension when high 
temperature molding, improved in strain hardening, applicable to various molding methods including blow molding 
without difficulties, and excellent in biodegradability. 

SOLUTION: The aliphatic polyester based resin composition is characterized in that it is a radiation-treated 
resin composition comprising (a) an aliphatic polyester resin condensed by dehydration and/or (b) a polylactone 
and (c) diatomaceous earth. 
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©*awj* H«««^*n*o c n e> ©jt»j»ffijiffjtt, 

[0 0 2 7] ±ffi^»P(EJi»Jfct4, 

OBIfctf, ^Un-;m % ILK, ^xyi, y 

>=m*H©K*»[2-6iBfi©**yie , fifo^*;i/ 

(Wttf, » vny|, n/N^^, ^?K3/n 
^;l/*;l/»&if©K3l6«z-6Sfi©ffi«y»ft5?* 
ftifo^ail; cn6©^f«»4:K3R» 
i~48K©7;U3-;Ufc©fi«7;l/*;UxX"r;W#S 

vyzm*z<Dmmm~6nm<DG®m, at«mwg 
ttK^^$n*o cne ©^»mffiji»jM:iax(42Si 

[oo2 8] *»w"x»tt, Btekii^S!©ji8i»ai#yx^ 
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r/Htffli (a) jku/zrcizx u v ^ h y(t>) tmm± 
rct><Dx&% 0 mym^mommm^v x 

7-r/H§iflg (a) Rt>V$fc(i^';^^h^(b)i:Ii^± 

(c) p. * s mmmfcmmmmmMwm znrc&o) 

(a) RXS/Zfzl&XV y(b) i:8^±(c)^BB^ 
Lfctt»T\ ffi&m, fiKJgf . X{i^g(c^?n^ 
C££lci#f3o Jgt^LTti/^^-T&oT 

McLfctfUT^ /Sff^^tffiTt,, Sp q p 10 

&m<DmMM$v^xT)i>mm (a) sovsfca^u 

»fUiXf/W (a) RXf/ZtctetfVvtby 
(b)**g£Lfc:^ S£KJMfi^75 K^£j&!raLT?# 

msbi (a) Rzf/%rci3.$V7?hy(.vtmm±(c) 
frt>%%Mmmi&mcmffimT5. vrnzm^Lxmrnv 
mmwMnm^Lxmp>n^mmm^s m^m^m 20 
vmffimxv xxx;nsii (a) Rxf/zrcizxv?? 
y y{b)Rmmmr^ Ymtmm±{c)^'u^hx±m 
mmwm. mwm* l t*# e> ns t ^ t ns 0 
ntc, ®mt z (D=i%fttfm&-£ tircVzmxi&mmm^ 
mmmnxftzmmtLxit, ^.mm^yvw-m 
<Dm.im cmtf^L-y hm^rzubtDxh^ym) 

t«u mvmmxnmmxmtttzmmh^zti 30 

2><DT\ J; K> iHSST^*^ lttowts c £: 

-So 

co 0 2 9] *mmic&%i&MmM%mMicmzn% 
m^mmtbxit, am, urn. ym, xm, m^m, 
mftmmzmt % c t tre zz>t>\ h 60^ e. <o 

y«U «m XMbb<,fcD#3:L<, fT&y^ 
[0 0 3 0] ^#?cD^W#3i#A£>g£ 

i^sns, T&*r£, iM/^w-f^sifbm&tf 

0. 15-4. 0, jffSLOiO. 35-3. 0T&9> Zblcfff 
$L<fil. l~2. 0£:&§J:9fc, m^tz\KWj h 

s^otc^o, «»ffl#to©ttr#«<b*&»>w). 15 

7*/W»0ffi«*3l*Be:*-*S*fcft3. $/*c> ar* 
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y\ »*L<t±io~50kGyT*fe§„ '>*■*- rrti«a»«-3!j 
t*«£^# , zmmmmttfo± u 

[0 0 3 1] S93BSt»)l¥14»flifi««jfe:taE#a»4B»ii 

znxzrc&mummmxz, mmzznz>i<Dx 

[0032] *maas^x, *5%wicfrfr5mffim$ 
u xxx;^^fliiH^^^LT§ia^p a p^f#5 c 

So ) ^2^^, S5tc7w;UA*ax mcftMVt 

v;Vf7-f;VAiK;Wtm p-7, Wfo. ®K) 
^^ ^-v H¥K ; x-7^Sfflx-7, Ay 

affla D pffl, E3ip a pffl^>y htc 7>J 
-bm HHI^f-fTtJfi ; 7«> h H7fflp a p, 7,1?-7 

imtLrttntuim* atmum* rv-mz, avy 
num. xitvmmmtmmv&Zo 

[0033] J-XTtc, 7^;i/A, m^y7U-yay 

ate «fc s 7 ^ fri*iz®m? zmsnwrnrnz-D^xwrn 

? § 0 S-f , # U 9 * h > IKzk)W^SOIigfl6K3K 'J x 

~5fi«%fc«LT«#©30~95fi«% (W#^#HtlOO 
W^Ll^ CO^^bu#(D±PS^60M*% 
J-^Ttc 1 5 c i: «««ft»S L < , ffi#(O40~l0fi«%tc 
WLT^#©60~90SS%©|gH* ,( » : jSTfe5o C©1 

^ # y 9 9 h ymomm%*mz.% t7* frL&a& 

Wf§o C(DMlRl{i40~lOS»%£Oi5H^P>^nrcii^ 

»JB»#»Jx^r/H(IIB 
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ICttLO. 2~5S«gP^»t U\fcV 0. 3~1. 5fiMg|5 

yytfr? ■< a>l t- v fu-jwisj vu-jufflcoy 

»* S £ 7 -r ;l/ A©» 0 ttjWfcEBLhfcK < * 0 £ < , 

n ©JMilBMOfliL »J3I'I4, J**tt3t>ffiT 10 

ffl a wti, MemBffij«w««M»- *«»*#©* y 5 
n(c^ia©<fc9^ssjtfi©ffii6T/jN$i/^*^u 

©W&Rj&Wtfx'y McLTfc U^fc* 

# y 9 * h yms/& rcitmmmx y xxf;« 20 

©£t«lOOSS»fc*tl,T, ffSLOiO. 1-3SM 
«k0#3:L<«0. 2-0. TSSfficKH-CSStaSft 

r^-oftwiczmiamu ^rcD^x^nM^ 

ML<&%c 0. lM»g|5*ffil?«7x«yx^ 

y?MtLX<D%j$k&ftftfcim®X%%:^£ t&3e> 
%>o C©«I«J«» iOjfSU*. 2-0. 7ttS3©$BB 
^fCOV»Tt.men*. 7x>yx^y^iJilLT 

t>©^«fco»st<ffiffl*nso wmmwi'^yj 30 

7Uy^©ffl, Xf7'Jyi7f;K Xx7Uy^€ 
/yy-feUF, ^xUX'J h-;Uf-h^Xx7U- 

t»f U«/^7-ry{iSPi','l4#l4 (yyH LD 

5o^5g/kgT?»s©T^mts^T* 0 , &&m%.m<D 

&5hmbQ®t LTRa&ftTVT, 7-f ;I/A©ttffl*fc 

nx&Zc ±m<D?t < mmt LxitmmnitmiRL 40 

0, KMjSUXT©«a-P«ffifflHlfe*So Sfifcfctr* 

4 A<km-< y 7 u-y 3 yia^^©tuie7n y+y^ 

5*\ #K:8tetf50nB«T©fc©tf#*U\, S^nTaS 50 
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-a:Ax^f73* s f^ffl U3WH«WS <* 2ft, 7 ;UAF^ 
IkTfy 4 )\/I±b §n-;l/Psg©7n -y * yy £ fr^fco t 
©lft±$jS£f§}f-f3o TO*yu*©^n« 

oa*»tWLTo. i~3a»aj©KH*<±ffi«fts©«» 

[0 0 3 4] MlS«J§glffifi5c?%|{cMI2§a^APSiJ^iP^T 
W*tf, ±E©E^Bia*©«Jt3Ertt©-«Uc-3V^rSl 

xx;wssi k ay* ^ y xnr io~2o^« 

ffii^^o *©», *!WDclHi2«l#tiJ«|^<fcl3140 

~2io < c@jSTmifi^^tfv\ «n»iii»j«$trwn 
»»»©»5Rxtt^u«y h^#5dk^TtSo worn 

[0 0 3 5] ±l2#^©^HHlMJ(La*L/cJigWffi^ 

yxxx;HR^|gffl^©^H!i?iti&14ti, K^flgffiiS^ 
ci k««-e*n*mfciB3e*n*fe© 

"PttftV^ mmiClt, MI (190°C{C*3^T^fi2l60gT 
*^0. 3~Z0g/l0mmX&2>£ £tiW%L< , «fK 
0. 5~3g/10min*^LTl/^§ o ^K8S!Rfcoi/^TSiW 

i80Tt9»©iafi?}s»ig«i?nTStt©^x 

©fffflStt40~65mBgjR, S*/ES©lt* (L/D) ^ 
26-32, ^^-Y©iSg^50~150mm©t>©*^ffl^ 
^> 947S)v h©#-v-y7fi0. 5~l. 5mm©IBH*^ 
SU\ iftH*tlfef-a-7 < «©*@fb^>'7U— >3 
y-7 >( A/hJA^ttWA LXn XZt\tc%m$kM& 0 
»ASftfc5tf*©E*jfcJ:oT, 7n-J± (f-^-7g 
/^g) *ZW±tLT, m^©s$r«L, 
T-x >y 7n-;Wc .fc 0 Sf 0 fif: nT-SBWE-p? I *«J 6 
ft, Stt©7-f;W>fcl/r, Xtt3llR^fc«B8«nT 
j£*l7^;l/L.4:LT#tKeft§o )K*f»II@^M 

xtttotrnwrnomt. mm£m<owm& v xx 

r;Vttll (a) &tf /$ fctttf >J 7 ^ h > (b) kS^± 
(c)©SK««3BK:fiH"rsfc«>*\ SWW-f 
nSttKOfiStfr^teBf, S£LT7^;l/A©^ig 
tfRTUB^**, *f§0^t;:cfcft{f, »*Xtt^U-y h«© 
g^±#W^Sim^tt, SUMM8tt«Ul©ftv^© 
^yv^hyXtt ; E-©lflfi!c»ctfci?LT, {-©SBffiflfji 
tcg^<i;#xe,ft§mH45teJS©fR]±^<kO, -f^7U 

—>3 y»iijsw^©ae*©#ffl©j««^ffitt,afflT? 
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[0 0 3 6] 7<t>\/i*'s0m'rzm£i£itfflto 
wto&£Mommte#vx7>?jvmm (a) ms/ 

£fctt#'J 5 * h y(b) 2:^fcb^6ft««JRBfXMl01l 

wo. 3ut (EP^<ay;p^) 

*) fcft*J:5ftttj&H*©gfi-e i E>«l:i/\, $fc> ftfcJ: 

*«o8aK«*Hj*fro fcft* g*tSp a Q©^tffc/^ 
U *©1£IIIjW). lWTfcftS.fcSfcflfeWtfcfTSCi: 10 

[0 0 3 7] 

ftv\, ft*, *BS0!lf r%j Rtf rgpj £&£©«:, & 
tcK D Oft^ffi D fiMS*P£^T ° 

#?»©$>!£ 

#?*ttT0YOSODA*t» (HCL-802A) ©GPCfc<fcS# 20 

mnrnwrnmit, /<-*>x;i^-tt«©Dsc-7*fl§ 

*«ffmtt«©TG\- 5 0*fflU>T#HS5ifil0 [°C/mi 

n] vmftmmmitm^rco 

TOYOBALDWINttti (TENSILON/UTM-III-5 0 0) ©§|o 

W&ttiU m^©«PiaiMI**ffl\ C. HSpeed (5mm/m 
in) TfffV\ -Vy^Sp, ttff&ft&tftt£*$&fe. 30 

fro fc 0 

#©teJt©i»J£ 

MM£5mm©iI&-e3 0 0mm©S£©&©£, 

t^u**-* — 670 GK&tMIH) 0WS*/i>#- 
-r/wtt-eiotfra^fcaaLffl^fco -nwfittsa: 40 

PROltiRa*CCD*^7teJ:oTt-^-Lfe. IfctO- 
"fJMtttttO. 001-0. 5 s"' T'&ofc 

MW#tt*©»j£ 

C©i»J£fcte, hy «y?0f*$J£8§Reometrics S 
olids Analyzer (RSAI1) *fflV>fco ti*N-&tt 5 X30i 
■ WSO. Sm®$><D*m^rc 0 ffliJ®SJSiSHfi-150 
°C~300°C£T\ 10Hz©JS»»T*» O^iWIIIttO. 5mm 
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Rlt^M'a^ (Reaction mixture) : 

0. 2M phosphatebuf fer (pH7. 0) :4.0ml 

Lipase AK enzyme (lOmg/ml) : 1.0ml 

0. 1% surfactant (MgCh) : 1.0ml 

Ctl^lcm 3 OMnZtfcffll&mcAtl, 40°C©AX'£T* 

s->v?mu nffi«aft«k:«kt)-«fi«fcftssT* 

fiM«*J>* (%) = [ (W-Wd) /W] xioo 

w : ftmmomm (g) 

Wd : fttfflkoynm (g) 
£SW^gI«&g£ CSE10 tcJ:3£IiS£ 

t, *ftS©7>r;W>*&fi©±lc«H*, ^Ml*-efe 
tO*15(HgT?a®»R*fTofe. 
[0 0 3 8] Kfc©HSl 

ism, ?jiiMt¥xmftm<o#v*7v7?h> 

CWTPCLtftf) ©77*-fe/l'-H7fc7>>'Kam: 

LTft^iti3ttti££tt«©8«± owTwakoaatt 
fcta-rci: Rffs^ttwasad: axTsigm 

tWO54 i ^>yn->I/*fflv^Tn-;Piait«i60t;fc 

6%, 10%, 20%fcK£Lfco ii^b/fclS 

*fflv\ sr#yh7UXT?160r6#IW3HI!iU 6»Kl 
60»ET»inBESk 3-;!/ F:/UXT»8#H*jI**«« 
£-tt 3 c £ £ <fc 0 HMji*fTt vSfc Lfc7 -f ;!/ A#©im 

0^60yli*«ia*10 [kGy/hr] T% W^fMWl 

U 30#H7--;U*fTo;teo 
[0039] DttSHM 1 ] PCLi:PCL/aii±(wako)7U 
>F*OE***«ATJ»aW»*fffflLte. Sfc, PC 
LtPCL/S^ (sigma) 7U>Ktt©S8fcbZ>E£**£ 
ATJMlW«ft*IMiLfc. ^n^tiOlst run QRl SI 
B©«JS) ODSCfflSSRa*2nd run OS 2 S @ ©PJ^) 

©Dscft»*^ii«Rae<D^-^**i6feo ^un<o\st 

runt2ndrun©«WPaa©Vf-^ i:S8fct©E^*©SI 

«*auc^ufc. ^©o% (pcl) £tt» a»± 

[0 0 4 0] 
»1] 
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First runCwalco) 



Sample 


TaCC) 




0% (PCD 


5438 


72*61 | 


696 


5430 I 


64.90 


1096 


5831 ! 


69.48 


2096 I 


64,40 


63.09 


Second run(wako) 


Sample 


TmCC) 


AH»(J/g) 


0%(PCL) 


49.66 


65.61 


6% 


48.45 


60.61 


1096 


49.42 


60.36 


2096 


48.46 


46.91 



First runtogma) 



Sample 




AH»(J/g) 


0%CPC1) 


54.88 


72.51 


696 


6536 


7334 


1096 


64.95 


6834 


2096 


55.60 


64.19 



Second run (aigma) 



Sample 


TnCC) 


AHa (J/g) 


096 (PCU 


49.55 


55.61 


596 


49.29 


58.90 


1096 


49.49 


50.03 


2096 


4838 


48.35 



[00 4 1] £ltefc^T38fc£©e£-¥££*.Tfe» 
jSOtr-^JBfittJ&H^fbUa^ofco $fc2nd runT 

tta»±*^uy Ksnsc tick v^m&m&r? 

5<fc?{C&5o 1st run<fcD2nd runT?«fc?)ISi&©^£ 
tt3««atlfc»j«"e**fcS*>tl*. 30 
[0 0 4 2] 01 KJi^t (wako) fcfcttSTGAftS* 
^"To miAtiSfi (Weight) , $tt(ii§£ (Temperatur 
e) T*&3o 02fcJi8fct (sigma) tC*ttSTCAffi«*^ 
f. H3fc:PCLi:PCL/38*± (wako) F«&©38l 

±o)m£m*&z.rcKmwL*m?o m 4 {cpcl^pcl/s 

«± (sigma) 7U;/Ffo©JiS5±©Kfc**g*.fcTGA 

[o o 4 3] m i tfe^r, saa«±*^iis^*Jta , r 

etifco tftttHf*7^h*&JStt*H©&«fo*:/l' 

traafcs«± (wako) t,»»ffijttt©*«3i«±-e* 

SCfcWofto Sfc, $J£#t7SJt©480 o CT*&$ 

* LTPCL{i480°CT^i^^ft? C ttfftfr-o 50 



men^^ofco C©ISS^6a8fct (sigma) 

1. DSC**)PCLfcg*± (wako) Rtfi£jl± (sigma) * 

2. TGA£r>PCL/3£lI± (wako) 7V> FftttE&fWi 

Ant § t tto TI»»»35)HE3i? n#8?rSKti * 9 ffiT* 

So 

3. TGA«fcOPCL/^± (sigma) TUy FttttftttHK 
[0 0 4 4] [H» 1 ] PCL/3«±7W HfcfcjB^ 

ft^mmmmm u m 5 tcGPctc * ssas* p c l ©# 

fl (Mn) fciSlta (Dose) ©K06*jj*Lfc. 
[00 4 5] c ©US*** 6 {RttffiWnn? 5 1 
?tWFl/t^3o CtittiB&fSftS c fc"ePCL©± 
D#?fttt{gTLfc&©fc!lfc>tt5o 

PCLRtfPCLteg»± (wako) £6%, 10%, 20%7Vy 
FS#fctm&tfPCLte38l± (sigma) *6%, 10%, 2 



(11) 
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o%7uy Ks-sfeWRte ymzmsu mmmzmm 

bfc a ^ft^ftOlst runc9DSC&3&5.tf2nd run<DDSCffl 



*2 



First run ( wako ) 



20 

* mRxf?&%mm<DM&*mm± (wako) Rumm± (si 

gma) IC -D V * tlZ'tlg. 2 Rttm 3lC7nL fz 0 
[0 0 4 6] 
[£2] 





DowCkGy) 




ABUCJ/g) 


096(PCL) 


0 


54.88 


72.61 


80 


53.64 


76.48 


160 


58.41 


8CL54 


6% 


0 


54.80 


6490 


SO 


54.52 


74.32 


160 


57.82 


75.79 


1096 


0 


6331 


69.48 


80 


58.52 


70.49 


160 


52.95 


6833 


2096 


0 


54.40 


63.09 


80 


68.90 


68.89 


160 


52.09 


6238 



Second run (wafro) 



[0 0 4 7] 





DosefcGy) 


T„0C> 


AHm(J/tf 




0 


49.55 


55.61 


096(PCO 


80 


6040 


68.87 




160 


50.82 


62.60 




0 


48.46 


oaoi 


596 


80 


50.40 


55.08 




160 


48.08 


58.57 


1096 


0 


49.42 


50.86 


SO 


49.90 


52.81 


160 


4941 


54.45 


2096 


0 


48.45 


45.81 


80 


49.87 


46.48 


160 


48.62 


5037 


First run (sigma) 




DoseCkGy) 


TmfC) 


AHmti/g) 


596 


0 


55.86 


7834 


80 


64J28 


76.12 


160 


62.95 


7539 


10% 


0 


54.95 


6834 


80 


65.70 


6437 


160 


62.07 


7057 


20% 


0 


55.60 


64.19 


80 


53.76 


6135 


160 


52.39 


68.08 



Second ron ( gigma ) 





DoeeCkGy) 


TmCC) 


AHm (j/g) 


696 


0 


49J29 


5330 


80 


49.86 


66.78 


160 


49.62 


59.01 


1096 


0 


49.49 


50.08 


SO 


5L10 


5332 


160 


48.72 


56.77 


2096 


0 


48.88 


48.86 


80 


saso 


4739 


160 


48.72 


61.67 



[0 0 4 8] ^2&0^3fr£l3Ji6fr&<J;9{C, PCLO runiC&^T&¥-W&mZTtf%ffifaZ7filrc 0 Ctl 
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t<DM?m~ei$mffmzK>, 2nd runfc*Sl,vr«fc9eft 
(wako) KtlfCOVTtilst run&t>*2nd runlets 

(sigma) ri/^HUjtov^ttPCL/^fch (wako) 7 

uymtmmc fm±om&m*mz.xt>mMum 

[0 0 4 9] Kl/mm± (wako) 7U> K1Wi:ov>TH8 
fcfatf^-tl^ft, OkCy, 30kGy, 50kGy> lOOkGy, 160kG 

yeosai±©*fi'&*tB8 , r*TGAffi»*Ei6'-Hi o 

tCTjN L /to 

[0 0 5 0] H6©a$M^?a3ft±0>E&*WB 

CttfftfrZ* LfrU PCL/«±(wako)7U;/Kfc© 

[0 0 5 1] PCL/liil± (sigma) KttfcOV^T 
jSWSa^ft^fU OkGy, 30kGy, 50kGy, lOOkGy, 160 
kGyT©a«±0&E^*fclia'rSTGAlttli*H 1 1 ~H 

1 5 tCTKL/Co 

[0 0 5 2] C(D!g^P>ir(DMW»{C43V>Tt>TGAft 
8tt&£9£<ttfiieni\ PCL/3ii± (sigma) 

[0053] tizwmvmi 

mMPCHDfotl (Stress) tWB. (Strain) ©M^£0 
*fi C U 0 kGyJSI* ©PCLtiff S900% 0 $ T*#tf 

[0 0 5 4] PCLRtfPCL/^«± (wako) rU>K1*|0 
SE^KSIfS^yyap (Young's modulus) fcKB&f 

ft (Dose) opsff«Hi 7teavr. wm±<om$mffm 
m^m-ox^y^mm^L, timmtfi&^WMt 
vyvmmzicmimLx^Zo ctnmm±(omm 

[0 0 5 5] PCLfttfPCL/JI«± (sigma) fVy Ytyft 

v&msmmt^ymtmMmtDM&zmi sic 

•Vy7mitAZ<fo\ 
[0 0 5 6] m 1 9 fcPCL££HE£¥ft*20%©PCL/J£8l 
± (wako, sigma) K*tl©tfJ»f3&fi (Tensile Str 

ength) fcfi8*fft (Dose) eDH^^-To PCLttJSWMO 

o-e*stst>nso PCL/a^± (sigma) 
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y miz&^xwsiimmimfttmic&wztiizi)^ 
%LXs pcl/s^± (wako) yuyvm^^xmrnm 
<D&\,^M&w\!fmmtf j p } pmixiisX^5o ctutmn 
±t?cL<Dmffitf&mLx^z£.mx.<z>nz> 0 

[00 5 7] 020 £PCL&£E£¥tf 2 0 %<DKl/m 
m± (wako, sigma) 7Uy F$l©fi£»T#Jt (Elongatio 
n at break) fcJBSf*(dose )©BB&£^T 0 PCLtt 5 0 
kGy&tc 0 ZWSiWmtiWP LX^%i)\ *SH^ffi© 

10 (sigma) 7 Hftfe 5 0 kCy£fc •> fr6«*r#£tf« 
'>LT^3, WKPCL^fct (wako) 71^ KfrCfcHK 

[0 0 5 8] «±©*S£fr£WT©c 

So 

1. PCLttHUtfcSW-S c fc-p±«©tt*r#Si: D#?ft 
(4{gTU JSItftOJtiinfcffoT^MtiteT-rSo 

2. st«©iB»iaattifoaa±©E^**s*Tt« 

3. PCL/S»± (wako) KfcttE^OJfinfctt 
tttt±*«S. *fcPCI/g»± (sigma) f^YUm 

{$Jtl£fgTLfc 0 ft{cPCL/S»± (wako) ttJBWfcJ:^ 

30 [0 0 5 9] [HSt0!2] PCLS.t>*PCL/S^± (wako) 
£PCL/g?I± (sigma) "JVy Fttfcte^T y «$88M 
f 5 c i: J: S jlnl14©KS^m^^M-r 5 c @ W 
LT, S«±©EW*«ATPCLi:Offl5ffffl^P 

y ttBwtc «fc s r^iife® mm t mm±<D$zsmic «fc 
[0060] mm&mmmowmi 

mz 1 tiPCLcDg-eAJfriig (Shear rate)fcWr5»» 
IfejS (V i scos i ty) £ A,$r fS^J (Shear i ng s t ress) Offlffi; 
40 Jfe^BaitftfcBaLTyoy h Lfct»OT*&5. 

[0 0 6 1] c©eS3b^PCLttffiv^^Wri»S1i«t 

j^aetifco cftttPCLtfjstfSftsc «feoT«* 

fltjB c 5 c t «fc 0 ftMfttttfJffiig L fe <o t Hfcn 

§0 pcui^is-pJiaitsnaiR, sokcys-eojssws^tt 

tlTV>5 d fc^P>, 30kGyi:60kGyT-(D^B!l!ttJi[©tij!lPi4 
50 #^.5)tl§o 



(13) &M2 0 0 2-6 9 2 0 6 

23 24 

[0 0 6 2] 02 2im$tm.0kGy?»<D&*t/Jl$\mmiCtt o/cc Z-tlltm 1 5©PGL/iE|jS± (sigma) ©TGA»f£ 

1-Sr^i!!fcJgii^fr^^coBHl^PCL/a^± (wako) *T*^tl^#*nT^*^5I^14*>e,PCLi:Sm± (s 

^UyK^<Dg^±@e^(cBgbTyn>y hLfct©"? igma) ©^KJS^EC £"f> ^©SSHIJlgy: (sigm 

[oo63] 023 imMM30kGy?'<D&MA,mmmic [0069] ®m&mmm<Dwm2 

tt?%®mfemt#A,®l&fi<DM&*PCLmm± (wak 03 2{iPCL£PCL/JijI± (wakoRtfsigma) 

o) <Dim±<DM-£mcMLX7uy hLfz$>(DT*3b ©gB£-sfS20%©|fflfc:o^T ©{tij©iflij£{;: &%>®m&& 

z> 0 comm. ®m&mRtf*£A;ffifajjteKi& o m& mm) ©*siit'&5o «$fi«^5ijg-efe§ 0 £© 
*miiu?z>mfat>mt>ti, m^m<omMm^x®m^ 10 is*^?.{g</^jis^-e{iPCL«^j«©ti/iatc^o 

mRxfi£A,mifctiimi)uLT^%> 0 xmrnfemzmtoLxts*). pcl/^± (sigma) yu 

[0064] m2Mm%im50kGyT°<D&-&A,mmmfctt yYmmiMmtmn&mmzTKLT^Ze ?a/mm 

t%mm^mt#^mmt>oMm**akomm±<Dm&m ± (wako) yisyvrnm^mtimftzmimmzmi, 

tiLTyny h Ltc&tDv&Zo c©^. sb^io <tgiipLTfeo> 02 2-0 2 6<Dm%tmm%mfa* 

mi45tejgsa*^»iiS^{ctiJ!iaM[B]^mBti/c 0 Tfc^fimg©^iJP^±^#LT^&<,\, 

[ o o 6 5 ] 0 2 5 tij!8i*«iookGy-e©&-t^Bft§fif;: [ o o i o ] -r o ^tt^offpfiffi 

Wt§mi!!iteSiHi:A,»T)S^^I3^PCL/a^± (wak 03 3fCPCLm PCL/Sjl± (wako) 20%7U>K 

o) <DlI±©E^$tSLT/n7 hLfc&©-?& «K PCL/SM± (sigma) 20%"7l^^ Kfe^rKPil LT 

5 0 c©$ski, mm±*'m*irc?^r(Dnmct5^Ti& 20 ?»j£*giai5ou ^Bs^a^KLTWiBf^s/cDo^ 

i^^ssnS^tcfev^T^iittJSRcf^irjss^futi mm mm ^ft-rs-r dpi** (*ei*) ©ji'j£*sm£ 

hmfatime>n. ^rdm±<omtmi^m^\m^x m-? a £<D%s%&K>?cim&a3^x. i&nmmmmc 

[0066] 0 2 6 immmmkGyx<D&-&A,mmmic % a sr^ nmmmmut^^\ •fK> i &®.mi*mn 

n? s®m&mt#mfoti<Dm&ikPci/mm± (wak -r§ 0 PGL/asi±(sigma)2o%7byKti©^3ii£* 

0) (Dgi±©E^$tiityn7 bLrc$>(ox& it?am®itm®%imfatt*Lr£ 0 l^u ?a/mm± 

5 0 £<D&%mmic&h,mmm<Di&Ticm^T. mm (wako) yi/yKwiitmiitiaoT, iro 

'temRWA,m>Mm 2 5 £ o t> £ e titan u be£ wvtmimim&^icmiia Ltc 0 h tuiPCLi5i±©^ 

[0 0 6 7] 02 2^50 2 6<D^<feD*^©yi^ [0 0 7 1] #gf£jg<D!¥fflE 

yKtffi£PCLC;fe^T&H^iJISn.&l^ 30kGyJX PCL(C20%S^±^y H Lfclf£©!iSJ#SiffltfO, 3 

MW*^tiip-r zicfe?x®m&mRifi£h,wifcti o, 5okGy©sm©#gf<!ifi (*k«) ©iu^m^n^ 

{iPCLm&tit^jp lt*3 o , a*i±©Be^©iiap n03 4 -0 3 6 ic^to ffimtu?&.mm<Dmm<DM 

icw^xzbimmtemRxf&^mi&Mi.mhu'rzmfa wmx&z* 03 4<DPzu¥.®tx3kmM<ot><Dizu?K 

ft^ofco PCL£J£S±©#l$tlgfl#tf,mt JifiO. 09s"' ©&©#0. 01—0. 15MPa£T*© tj e %7jk 

fC«koTKi«*«iBCofelS«. »HtefiRtf#A/»rJ&a U 0. 02-0. 006s" ©^©T'&O. 2-0. 3MPa$T*L 

itmau %rc, m&m<DmMc&ix?ci}imm±ft frmbuL%\,\ sfc, zo%^8±7uyK©M»i?t>«i 

«^ttJiJ!inLfet>©-p»*4:#*5n*o 40 ^Hj^/TNLfco CftfcftU PCL£30&tf50kGy!Iflt Lfc 

[0 0 6 8] 02 7*^03 1 tt&JHttra OkCy, 30 feOtt, giilMPaST-TjE^tiitaU #?HI«*WHffA 
kGy, 50kGy, lOOkGy, lTOkGyte4Btt3fr£/i,*r&£fc*f 20%g»±(wako)7U 

•TS}Sltt!;ai:«^lS*©l8«*PCL/^8fcl: (sigm V FPCUilO~50MPat>OTj E <Dtii!lP^U, Smtt^IWf 

a) OIi±OE^KBiLTyny h Lftfeou* mmtmffi%Wi&%1m£?^*)*7F.?&5ic&Zo - 

5 0 fmtzttmmicit^fci&^AsXimmtcis^ -n, 2o%a^± (sigma) iz^isyvKimmmw 

Gy, 30kGy, 50kGy, 100kCy»cfel>TSai±*E^L/T 1 t> A^if^V^C i:^r^LTV^-S 0 

isiittitefiRtf^»rjifi©iiftntef&i!«wia<, mm [0072] mmwumowm (M&ft%o 

Ml60kGyfC*5^T, E£*20%©K**K:M LTfcrfrfc 03 7 ttPCL©§MI«^OV^T©®lW?l1S^©SiJ^S 



(14) 



25 



->7 h Ut 160kGyT*»iS ZlzmffiWlC *SV Y L20 
0W5S-ett»rUTl/>So 03 8fiPCL/gfi± (sigma) 

7l> m<Dwm±<D&.&m2a%M®ic'D^?<DW)ito& 

&m<DmffiS%T\ c ©*SJfU o 50kGyT?tt«Wfiffitf 

*LTVV6o 039{iPCL/3i}g±(wako)7Uy Ftl©3 

R±©E£*20%tmfco^T©iiWaitt*©ill£*es 

T\ 30kCy^&«WSffl3yil»K:SSill!lfcS/7 h LTV 

zcttfftfrSo cmmm± (wako) fcpcL©ss«ic 

J:*«»T**«fc#*&n5o 10 
[0 0 7 3] tt±©j: fc^e> y SUBS* LfcPCLfttf, PCL 
/J£SI± (wako) , ?CL/im± (sigma) 7LyFWc*f 

1. PCL/SiI± (wako, sigma) 7L^ Hlfcfcfc^TjfeJB 
«B$ttJi8fi± (wako, sigma) *7U>FLTt., PCLt 

3. PCL/^±(signa)7L7 Ffttfe^T, <gRB3t«T* 

Eaw* * s tttoTiihrr*^ isi!a»«T*tt}sitt 

4. pcl/s^± (wako) fuymtc&^xmamtfim 

tat 3 fcttl^RI LB§l«©PCL^±fci§ll!!ttg&0^ 

CL/88fct (wako) 7V:/KttttifMfr*fc, PCL PCL/ 
SSfct (sigma) fcLtfcf 9PM4WgL< ifAnTSo 30 

T<D£^U «Ffc» PCL/3iSi± (wako) 7U>K»« 

r. 

7. Bftftwtaittfcfev^TPCLttsokCy^Bttwiaie^iSia 

ffiiJK-77 h Lf£L#>, 160kCyT*200WifiST*'>7 
§ 0 Sfc, PCL/giI± (sigma) 7L> KMttPCUIMBl 
ra«ftH6]**Lfc. PCL/3£ii± (wako) WVYUZ 
30kGyfr ftWCttiSKS-r S o 

[00 7 4] Gfcttffl 3 ] t»£ft#j$tt£*?-r 3PCL& 40 
tf, PCL/Sil±(wako)i:PCL/a5i± (sigma) 7L^F 

B^#ft?MS£©flMffi 

14 Ofi 4 0 "CtC fctt § PCL 7-frt/ A (7-f ;W»tt«4 
©Wi#«TJSB»*tifcPCL*»6»tet©'P**. ) © 

g-MfttstcBar^aaM^ (weight loss) ©spjsiea 

T&So mii£^#££l$fig (Reaction Time) T 

C©*e*fr&JHS**30kGy» 50kGy©tmT*tt#* 50 
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#*M3*©t©£i£^TJfcl£tfMP < S c fc#*Mn 
0, lOOkGy, 160kGy©KfiTtt5|cBgl*KH:^»j»{iJl< 
160kGyT*ttS*«4>ttlO%gj8fc £ £ *. o fc„ S^H? 
ti^^©IN s B g|5^e>^Jft*JIi:^e., 30kGy. 5 
OkGy©Sm"Cii#»El&>MBfcS ft If 

ttfcfcfcfcftjSL^txfcofcfcSfeftSo sfc* 100k 

Gy, l60kGy©ISP^^T«^ISK)Sti:<fcoT^ft?1t*' 5 a 
L<ffiTLfcfe©fcJg*>ft*o 0 4 Hi*JIfctT©PCL/ 
mm± (wako) 7LyF^©IH^^CWrS4 0X{C*3 
5 a^lKK: £ § M$'>©jfliJ£*£IHT& 5„ c ©fcS 

mfr e>sm±©E^^tiin-r zicm? x^mm^m 

S£JBfoft3o ££184 2©*JSWT©PCL/Ei»± (si 
gma) 7UyFft©E3'*fcM 1 rS4 0 , Cfc:fcW-Sg* 

##jc .j: sa»>©iy^mt> piat 3i8fet©E^* 

S«160kGyT i ©PCU3<J:tfPCL/JiaLfc (wako) 7L^F 
ft©7Y/UA©4 0XJfcfctt3INR#jBlcJ:SfiM*'> 
©E^fcJWSWSISaTf**. 7-f ;l/A(4l60kGyT* 

iMt ? tifcPCL* j; tf pcL/gg£±fr mm Ltco c ©as 

JHfre>0 4 1 i:ra«t«t©E^*35» , iijta'rSfct*o 
T»»35)«ffiJt* ftTl/^5^ iffilclli'WIT L 
fee c: ft fe # H a H g^T*©^filSfStc «t o r»»tt*m L 
<ffiTLTV*3<:fc*MttPofc. Sfc04 4©HS*fSl6 
OkCyT*©PCL/aSfct (s igma) 7 L y F ft© 7 -C 71/ A©K 
fc^fcHf* 4 0 o Ctc^t§^^(c«J:5M»ic'>© 

ra«t^»Wte»»tttt» l < fST lt^ 

§„ 7 -f ;l/Attl60kGyT*^?ftfcPCL43«J;tfPCL/S^ 
±*^SI18Lfeo 04 5ttPCL/g^± (wako) 7L>F 
ft©7 ^ ;i/i»©^8fch©E^*20%T*©*IBI*MlcB8t- 
§ 4 OiCfcfett*»SRiM)Uc«fcSS«»'>©a!lSe*T* 

»s. 7 a frwak* <D®MmxEmztirc?cL/mm± 

fU>Y^yy^l3^mmLfCo C©*S*^60kGy, 30 
kGy, 50kGy*T*©jSS*afclll LTttSJ^H L«fc o leftM 
Lfeo S/ilOOkGy, 160kCy©K»fcB8LT«a5ffi©»» 
Tf^KffiTL-ft. 04 6tt> IH«ltPCL/a8l± 
(sigma) 7Ly K«J©g8fcfc©E£*Z0%T*©£J!aW 

MfcBi-r*a*w>©si^*s«T**«o c©ts*t»n« 

lOOkGy, \GQkQy<DmMUmm LTtt*Sll*<fc 0 5^ 
SWttT L Tt^ S C £ *^ So 
[0 0 7 5] [HSS0IJ4] 

H4 7ttPCL©*fiai*i:l60kGyJSgWStifelW (7-c;l/ 
A) ©»»Wt»»»12«rlHI», 24R$nft©SEII (*S 

§ya?mn) te«fe5®«T*fe*. c©H^)b>e»*Mit 
<Dun& v&mkGyfDumomm&ztix^zikD* 

22tf'b2^££tfftfr5 0 CftttPCL©9g«lt«t0f)- 
^5%T©PCL/S^± (wako) 7L^ Ktt7-f ;l/A©SE 



n 

%x.e.n5o 160kGy©Kfct>3ll«©{BW:<kD?L 
©*fr£*)VhS<Ja:o-aV&. 0 4 9ttEI«fc:PCL/g« 
± (wako) 7U>K1*l7-f;I/A©E^'Sp20%-pOSEMli 

m5oimv<pa/mm± (sigma) ruvFi 

7-f;PA©E^*5%TOSEMfcJ:SB«"e*So 05 10 
limV<Kl/mm± (sigma) yuyKi7-f;VLO 
E£*20%T»©SEMfc<fc5H<rCfc3. H5 0i:BI5 

i^?cimm± (wako) 7uyK*^ra«*#iiP«s* 

[0 0 7 6] yttjSWLftPCLRtf, PCL/Sii±(wak 
o\ PCL/Sii±(signia)7l^> K*fc*W-*$H!W*!l» 

9«T©cfc##frofc, 20 

1. PCL»MttS30kGy. 50kGy?tt##jWS£Sft3#10 
OkGy, 160kGy©!!HI«-Ctt##«:£ L < {gTTSo 

2. PCL/g^±(wako.sigma)c07U>'H^I(C*5V^T i t>|pl 
tifClOOkCy, mWGyOmttM-eiZftffiltm L < f£TT 

3. PCL/g^±(wako, sigma)©7Vy Ftofcfe^TSSI 

4. sem^p., HoKSfe^jKiaettjsmL-ri^^ fig 

[00 7 7] 30 

lXf;WI (a) Rtf/Sfctttfy^F^GOfcg* 

± (c) frz & 5 iMti^m^iwat * c i: k j: 
im i ] mm± (wako) tfettsTGAiaii*^^ 0 40 

[02] mm± (sigma) tefettSTGA&tt*jjVr o 

[03] PCLi:PCL/g^± (wako) F«9©3Jfc± 
©E£**&* feTGAft«%^-r 0 

[0 4] PCLi:PCL/I£iI± (sigma) 7U:/Kto©&K± 
©E^spfcg*. fcTGAfllifcjj^o 

[05] GPC£«fcSRS*fPC L©ft?ft&!HttI©Hft 

[06] PCL/SH± (wako) 7*U> H1*t0^r, 

[0 7] PCL/gli± (wako) TV^FWco^T, figf* 50 
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« 30kGyT*©liiI±©&E^C BW 3 TGAlftl*** 
•To 

[08] ?CL/mm± (wako) ruyFfttOl^T, JflW 
«#50kGyT? ©SfttOSE^fc Wt STGAft«*^ 

to 

[09] PCL/SS± (wako) ri/yFfttCOV^T, R8« 
**M00kGyP©a«±©«E^s|stlWrSTGAfttt** 

to 

[010] PGL/gjg± (wako) 7V> FWcoi^T, fig 
3«jW60kGyT?©^±©£E£*fclSfltSTGAfl*il* 

[011] PCL/S9U: (sigma) 7U> F»tO^T, 
g«±©SE£*fcMt 3TGAftiiS£^t 0 

[012] PCL/g^± (sigma) 7U> FftfcO^T, 
JHW«V30kCy^©«t©*E^*lciB"r*TCAift«* 

^to 

[01 3] PCL/SM± (sigma) yuvHifcO^T, 
RgM*^50kGyT©a§l±©§E^ti:M1-§TGAffiiSI^ 

[014] PCL/a}l± (sigma) rU^F«fcOU"»T, 
RgS***M00kGyT*©a^±©§E^^^WrSTGAftH 

[01 5] PCL/Jiii± (sigma) TVV KUlfcOVT, 
RS« tttf 1 60kGy-e©8»± ©&E£*£ Hit STCAfflSS 

[016] fiaWPCLOJStfjfcftSCBBfcfc^to 

[017] PCLRtfPCL/£iig± (wako) 7U^F«I©«- 
E^fcHtS^^SSfcJ^SCMftfcjSt. 

[018] PCLRtfPCL/ggfct (sigma) 7UVK»<0 
£Efrt«c HT* -V > ^* t £Bm©Hft*K t. 

[019] PCLfc&E£*tf20%©PCL/8»± (wako, s 

igma) fuy Yto<r>WWmLh®Mm<omWt7Mro 

[02 0] PCLfc&E£*tf 2 0 %©PCL/S^± (wak 

o, sigma) zruym<o®m®mtmttm<Dm&z* 

to 

[02 1] ?ii(D&&M&mwztt?%®ffl&mt&h 
[022] RBW*okGy^©##^»f^tcm-s8iBtt 

Kfc«A,W«a©Hfl*PCL/»± (wako) TV^Ftl 
©a«±E£*fcBBLT:/ay h Lfct>©T'&3 0 
[02 3] J!9lt«30kGyT©#ti:A,»iilSlC»rS»M 
«JSi:-ti:A,^lS^lOMl^^:PCL/^^dt (wako) ©3£ii± 
©E^KIiLT7°D>y h Lfcfe©T*So 

[024] mMm50kQyx*<o&-&h,mmmictttz®M 

*S*fc*A,K*5*©BM6«wakoJi«±©E^*fcH LT 

[025] j!ast«iookcye©*-&A,wfiifitW"rs}s» 

liJSi:-a-A,iT)S^©M^^PGL/S^± (wako) ©S^± 
©Eft*fcKlbT7*Dy h Lfct©T'fe§ 0 



(16) 
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[026] m%mmkGyT'<D&*tA,mmmfc*i?z®ffli 

te&t#h,mfoJl<DM&Z?CL/im± (wako) <oim± 

[0 2 7] m%mmY.Gyic]svz&*tA,mm&ictt-rz> 
®w&m}:#fomrt<D®&*?a/jm± (sigma) <o 

[028] MttmmoKyicistfz&it^&immictt-f 
&®m&mt#A,mfoti<Dmfaz?cL/m.m± (sigma) 

[02 9] M^»^50kGyfCfcltS#^/uirjifi{C^fr 10 

%®m®mt#fvffiifct><Dmmz?cL/mm± (sigma) 

[03 0] B?J«^100kGyfC*3tt5&^»T3iJSfe*fr 
5mikifAgi:-&A,»ff£;^Oig^PCL/a^± (sigma) 

[03 1] mmmtfmkGyicisvz>&&A,w\mmicft-? 
z®mtemt#mfcti<DmmpcL/mm± (sigma) 

[03 2] PCLi:PCL/a^± (wako&tfsigma) 71/>H 

WQW.&m2o%<Dmmic^T<Dftmmicft?%®m& 20 

[03 3] PCLm ?CL/mm± (wako) 20%7UyV 
ffck Kimm± (sigma) 20%^U>'K^iSI4^LT 

ijsrsaisot, Lr¥feB#F^/c 0 oft 

[03 4] PCLfC20%3iii±£:7Vy KLfc^OM^ 

mmmkOy(Dun<Dnm&icMt^im^&<Dwm^ 

[03 5] PCL£2O%a?I±£7V>'FL/cl§£00gtt 

mmmokGy(DU®<Dftmmctttzim&js.mifem 30 

[036] PCLt20%a?i±^'7 Vy F Lfclf £<DM&t 
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■ [03 7] PCLO#MI«{CO^T<D®lW3P't4^<DliM 
[03 8] PCl/3iS± (sigma) h*Vs<Dmm±C0 

to 

[039] ?a/tm±(»ako)7uym(DmM±<Dm£ 
[040] ?ci<D&mmmicmTzmmm'p<Dmfemm 

[04 1] *m%T*<D?CL/im± (wako) "Tb^K^KD 
[04 2] *^WT'<DPCL/a^± (sigma) TVyFti 
[0 4 3] B8tt»160kGyT'<DPCL/JiiI± (wako) ?Vy 
[04 4] ^|«160kGyT'OPCL/Ii}S±(sigma)^Vy 
[0 4 5] PCL/Sii± (wako) 7U> F»DIiii±<DE 
•To 

[04 6] GL/J£jI± (sigma) ^U>F1*©S«±©E 

to 

[04 7] PCL<D%m%tlWkGymM2tircUn<DftM 

[0 4 8] PCL/3£9I± (wako) 7U> F1*©E£-*5 % 
T?<E>SEMH&T&.So 

[04 9] PCL/S^± (wako) F«J©E£-*20% 

[0 5 0] PCL/3£il± (sigma) 7Uy F*OE^*5 
%TOSEMk:J:SiB»'Z*ftSo 
[05 1] PCL/3£ii± (sigma) K«I©E^*20 
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[09] 
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[017] 
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